D
iseases of the sacrum requiring surgical management present complex issues due to their anatomical location. These include benign tumors such as osteoblastomas, sacral cysts, and osteochondromas and malignant tumors such as chordomas, chondrosarcomas, plasmacytomas, and metastatic neoplasms. 5, 6 The pathology of the lesion and the location of the disease process within the sacrum determine the extent of anatomical dissection required to attempt gross-total resection. Common surgical approaches include posterior sacrectomy, anterior-posterior sacrectomy with or without a myocutaneous flap, and the synchronous abdominosacral approach. 12 The Kraske position is often used with the patient prone, hips and knees flexed, and arms to the side. First described by Kraske at the Fourteenth Congress of the German Association of Surgeons in 1885, 1, 8 this approach allows adequate treatment of lesions of the sacrum below the sacroiliac joints, as well as management of presacral tumor extension. 10, 12 Greater tumor extent often leads to longer operative times that increase the risk of complications related to positioning such as pressure ulcers (Fig. 1) . Lesions involving the upper sacrum and the lower lumbar spine (high or total sacrectomies) require longer operative times than lesions of the lower sacrum (mid or low sacrectomies) due to the increased resection and need for instrumented fusion. 7 A pressure ulcer is a lesion caused by unrelieved pressure that results in skin or underlying tissue damage. 3 Although the duration of a surgical procedure is probably the most important factor in the development of pressure ulcers, other characteristics such as advanced age, nutritional deficiencies, steroid administration, obesity, and other comorbid diseases also increase the risk of pressure ulcers. 11 Placement of patients on the Andrews frame in the Kraske position leaves the forehead, eyes, chin, anterior shoulders, breasts, iliac crests, knees, shins, dorsum of the feet, and toes vulnerable to pressure ulcers. 11 Intraoperatively acquired pressure ulcers commonly have a purplish or maroon discoloration and develop over the muscle of a bony prominence (Fig. 1) . 2 Facial pressure ulcers are particularly challenging because the resulting skin necrosis has the potential to create a cosmetically disfiguring ulcer in a highly visible area of the body. Whereas foam padding and pillows are often used to reduce the risk of this potential complication, other methods are needed to avoid this aesthetically damaging lesion.
One potential technique that can be used to decrease the surgical complication risk of facial pressure ulcers is the use of a Mayfield clamp for head positioning. The Mayfield skull clamp is a standard 3-point skull-fixation device commonly used in neurosurgical procedures that is designed to anchor the outer table of the cranial vault. The Mayfield clamp fixes the head in place during the procedure, and the small pinhole defects heal well. The objective of this report is to illustrate the use of a Mayfield clamp to position the head during sacrectomy procedures. Utilization of this technique eliminates the risk of facial pressure ulcers in patients placed for extended periods of time in the Kraske position. 
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Sacral neoplasm resection is managed via partial or total sacrectomy that is performed via the Kraske approach. The combination of the patients positioning and the relatively long operative time required for this procedure increase the risk of pressure ulcers. Facial pressure ulcers can cause tissue necrosis and/or ulceration in a highly visible area, leading to a cosmetically disfiguring lesion. Here, the authors report the use of a Mayfield clamp in the positioning of patients undergoing sacral tumor resection to prevent facial pressure ulceration. After the patient is placed prone in the Kraske or Jackknife position, the hips and knees are flexed with arms to the side. Then while in the prone position, the patient is physically placed in pins, and the Mayfield clamp is fixated at the center of the metal arch via the Mayfield sitting adapter to the Andrews frame, suspending the head (and face) over the table. The authors find that this technique prevents the development of facial pressure ulcers, and it has the potential to be used in patients 
Methods
We retrospectively reviewed the operative notes of 66 consecutively treated patients who underwent sacrectomies at The Johns Hopkins Hospital between July 2002 and September 2009. Thirty-three female (50%) and 33 male (50%) patients with a mean age of 47.5 (age range 12-64 years) and 39.3 years (age range 11-83 years), respectively, at the time of surgery were included in the study. Of the 66 sacrectomies performed using the Andrews table with Mayfield clamp for head fixation, 42% (in 28 patients) were low, 26% (in 17 patients) were mid, 23% (in 15 patients) were high, and 7% (in 5 patients) were total sacrectomies; 1 patient (2%) underwent hemicorporectomy. The tumor subtypes ranged from chordoma (in 47%), giant cell tumor and sarcoma (in 8% each), rectal carcinoma and myxopapillary ependymoma (in 6% each), metastases and osteoblastoma (in 5% each), ganglioneuroma, hemangiomas, aneurysmal bone cyst, and chondrosarcomas (in 3% each), and adenocarcinoma, epidermoid cyst, and liposarcoma (in 2% each) ( Table 1) .
After induction of anesthesia, the patient was logrolled from the supine position into the prone position on the Andrews surgical table. The table was then manipulated such that the hips were flexed to a 90° angle with the head, and cervical, thoracic, and lumbar alignment was maintained. The patient's legs were bent at the knee, and the heel restraints were placed accordingly. The Mayfield sitting attachment was fixed to the side rails of the Andrews table just below the arms. The 3-pin Mayfield skull clamp was then placed on the patient's head in standard fashion. Finally, the Mayfield clamp was attached to the Andrews frame via the Mayfield sitting adapter, which was rigidly attached to the side rails of the bed, suspending the head (and face) over the table with the neck in a neutral position. The face pillow was removed, resulting in no pressure points anywhere on the face (Fig. 2) .
Care should be taken in positioning the Mayfield clamp pins to avoid complications such as minor skin lacerations, extradural hematomas, meningitis, or CSF rhinorrhea. 4, 9 The pins should be properly placed to avoid slippage. Specifically, the 2-pin side should be placed parallel and slightly below the superior temporal line, with the midpoint of the 2 pins 2 cm superior and anterior to the pinna. The 1-pin side should be placed slightly under the contralateral superior temporal line so that the single pin aims for the midpoint of the 2-pin side. Use of the Mayfield clamp with the Andrews frame is not routine. After positioning the patient, all bed controls should be locked except up/down to avoid accidental rotation or bending of the patient while the head is in a fixed position. We report no complications of this type in our series.
Discussion
Tissue breakdown occurs in several stages depending on the length of time that pressure is applied to an affected area. Ischemia generally occurs after 2-6 hours of unrelieved pressure, whereas tissue necrosis can occur after 6 hours. 3 Tissue necrosis is often associated with microvasculature collapse and thrombosis and may require evaluation by a vascular surgeon and/or wound care consultant. Furthermore, the resulting tissue necrosis may lead to a postoperative infection, which may in- crease morbidity in this subset of patients. For instance, we encountered complications with 2 patients prior to using this technique. One patient had a chin ulcer resulting in permanent loss of facial hair and numbness. The second patient had forehead and cheek ulcerations, ultimately requiring surgical intervention for a free flap.
The purpose of this report is to illustrate a modification to the standard Kraske positioning to eliminate the risk of facial ulcer development in patients undergoing sacrectomy. Using this technique, more than 60 sacrectomies have been performed without encountering any facial complications. While the patient is under general anesthesia and placed in the Kraske position for an extended period of time, the weight-bearing part of the patient can be especially vulnerable to tissue damage. 11 Specifically, the pressure from having the weight of the head resting on the chin for several hours can result in a cosmetically disfiguring ulcer in a highly visible area. Use of the Mayfield clamp removes this complication by providing a stable support for the patient's head while eliminating the pressure-induced ischemic changes related to the patient remaining in the same position for several hours.
Conclusions
We used a Mayfield skull clamp for placement of patients in the Kraske position for sacral tumor resection to avoid pressure-induced ischemic sores of the face and head. In this setup, the Mayfield clamp is placed after placement of the patient in the Kraske position on the Andrews table. To ensure safe positioning, it is critical to lockout the bed controls on the Andrew table to avoid inadvertent bed movement and its associated complications. We recommend that the Mayfield clamp should be used for head positioning in patients undergoing sacral tumor resection via a posterior approach in the Kraske positioning. Author contributions to the study and manuscript preparation include the following. Conception and design: Recinos, Omeis. Acquisition of data: Goodwin, Recinos, Gokaslan. Analysis and interpretation of data: Wolinsky, Goodwin, Recinos, Gokaslan. Drafting the article: all authors. Critically revising the article: Wolinsky, Goodwin, Recinos, Omeis. Reviewed final version of the manuscript and approved it for submission: all authors. Statistical analysis: Goodwin.
